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1. OBJECTIVES 

This proposal has been dedicated to the development of nanostructured medium 
for super-dense memory architecture. More specifically, we concentrated on the 
preparation, characterization and the study of the physical limitations of artificially 
nanostructured magnetic materials. These materials will be the building blocks for future 
ultra-high density patterned magnetic storage media. Under this project we developed 
self-assembly and electron beam lithography methods for the preparation of 
nanostructured magnetic arrays, characterize their physical and chemical properties 
quantitatively and solve the limitation imposed by the superparamagnetic limit. 

2. STATUS OF EFFORT 

In the initial phases, we showed that we can prepare self-supporting masks and 
that the concept of magnetic stabilization using exchange bias is feasible. We developed 
instrumentation for the preparation of porous alumina masks on a substrate and 
automated analysis methods for characterization of dot distribution. During the next 
phase, we started preparation and characterization of samples grown on Si substrates. 
Studies of the magnetic properties were started during the third phase. Further studies are 
needed to reach the terrabit-per-square inch goal. 

3. ACCOMPLISHMENTS/NEW FINDINGS 

The key for the development of super dense memories is the reproducible 
preparation of regular arrays of small (~ 100-200 A) magnetic structures over 
macroscopic (cmxcm) areas on a substrate. 

We have performed studies of the distribution and thermal stability of arrays of 
small (down to ~350 A) magnetic dots on Si substrates using self assembled alumina as 
masks. We are able to prepare these arrays of nanodots over macroscopic (cmxcm) areas. 
The size and distribution of the mask and the arrays correlate well. The distribution width 
on the mask and array is of the order 10% so further improvements are needed. 
Improvements in the preparation of the alumina process are underway to decrease the 
size, to improve uniformity and to perfect array distribution. Further studies of the 
magnetic properties in an exchange biased and normal configuration are needed. 

We are now concentrating on understanding the magnetic behavior of the dots we 
already prepared. Interestingly, we find below ~ 600 A dot size a transition from single 
or multi- domain to vortex state to single domain with decreasing size. For Fe dots we 
find an unexpected exchange bias even for the dot arrays without an antiferromagnet 
deliberately added to the structure. We suspect that this "bonus" comes from a possible 
Fe oxide present, which provides the exchange bias. This is under investigation at the 
present time and needs further research. 

To date the smallest sizes we can reproducibly prepare are close to 350A with 
~10% dispersion. Improvements in the preparation of the alumina process are underway 
to decrease the size, to improve uniformity and to perfect array distribution. Further 
studies of the magnetic properties in an exchange biased and normal configuration are 
needed. 
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